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[0001] The present invention claims the benefit of Korean Patent Application No. 
2000-79355, filed in Korea on December 20, 2000, which is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0002] The present invention relates to an array substrate for use in electronic 
equipment. More particularly it relates to an etchant and an etching method for liquid 
crystal display devices having copper (Cu) lines. 
DISCUSSION OF THE RELATED ART 

[00031 Metal lines in electronic equipment generally serve to apply signals to electronic 
elements. The metal lines contribute to production costs and stability of the electronic 
equipment. Accordingly, a material to form the metal lines needs to be inexpensive, 
have a low electrical resistance, and a high corrosion resistance. 
[0004] Array substrates are commonly used in liquid crystal display (LCD) devices. 
The performance characteristics and operational properties of the array substrates are 
partially determined by the material with which individual elements of the array 
substrates are formed. For example, gate and data lines of the array substrate have 
significant influence on the performance characteristics and operational properties of 
the array substrate. Although resistivity of the materials used to form the gate and data 
lines is relatively insignificant in small-sized LCD devices, the resistivity of the gate 
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and data lines in large-sized LCD devices, especially over 18 inches, determines picture 
quality. Therefore, in large LCD devices having high resolution, materials with which 
to form the gate and data lines includes Aluminum (Al) or Al-alloy because of their low 
electrical resistance. 

[0005] However, pure aluminum is chemically weak when exposed to acidic 
processing, and may result in formation of hillocks on surfaces of the gate line and gate 
electrode during high temperature processing. Furthermore, the occurrence of hillocks 
may cause extraordinary growth of gate insulation layer formed on the gate line and 
gate electrode. Thus, the gate insulation layer may be destroyed, and an electrical short 
circuit may occur between the gate electrode and an active layer that is formed on the 
gate insulation layer. Accordingly, thin film transistor (TFTs) having gate lines and 
gate electrodes formed from pure aluminum do not adequately function as switching 
devices. 

[0006] To overcome these problems, aluminum alloys such as aluminum neodymium 
(AINd) are used for the gate line and gate electrode. In addition, a multi-layered 
aluminum structure is used for the gate line and the gate electrode. Specifically, the 
aluminum (Al) layer is stacked with a molybdenum (Mo) layer having a high corrosion 
resistance and durability. However, if the multi-layered aluminum structure is used for 
the gate line, additional manufacturing processes are required. Therefore, copper (Cu), 
which is cheap and has low electrical resistance, is proposed to be used as the gate line, 
thereby decreasing a total number of manufacturing processes. 
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[0007] FIG. 1 is a schematic partial plan view illustrating an array substrate for use in a 
liquid crystal display device according to the related art, and FIG. 2 is a cross-sectional 
view taken along II-II of FIG. 1. In FIGs. 1 and 2, an array substrate 10 includes a 
pixel region "P" having a corresponding thin Film transistor (TFT) "T" and a pixel 
electrode 42. Gate lines 13 are arranged in a transverse direction and data lines 15 are 
arranged in a longitudinal direction such that each pair of the gate lines 13 and the data 
lines 15 define a pixel region "P". The TFT "T" includes a gate electrode 32, a source 
electrode 34, a drain electrode 36, and a semiconductor layer 38. The gate electrode 32 
of the TFT 'T" extends from the gate line 13, while the source electrode 34 of the TFT 
"T" extends from the data line 1 5. A gate insulation layer 24 is formed on the substrate 
10 to cover the gate electrode 32 and gate line 13. The drain electrode 36 is spaced 
apart from the source electrode 34, and the semiconductor layer 38 is disposed on the 
gate insulation layer 24, especially over the gate electrode 32. The semiconductor layer 
38 is divided into an active layer 38a, and an ohmic contact layer 38b. The active layer 
38a is made of pure amorphous silicon, while the ohmic contact layer 38b is made of 
impurity-included amorphous silicon. Since the ohmic contact layer 38b is attached to 
the source electrode 34 and drain electrode 36, the ohmic contact layer 38b decreases 
the contact resistance between the active layer 38a, and the source 34 and drain 36 
electrodes. The source electrode 34 and the drain electrode 36 overlap opposite ends of 
the gate electrode 32. A passivation layer 39 is disposed on a whole surface of the 
substrate 10 to protect the TFT "T" and data line 15. The passivation layer 39 has a 

4 

I -WA; 172 1047 1 



drain contact hole 40 over the drain electrode 36 such that a portion of the pixel 
electrode 42 overlaps a portion of the drain electrode 36, and electrically contacts the 
drain electrode 36 through the drain contact hole 40. 

(0008] Within the structure and configuration of the active matrix liquid crystal display 
(AM-LCD) device described in FIGs. 1 and 2, aluminum (Al) is usually used for the 
gate line 13 to reduce RC-delay. 

[0009] FIG. 3 is a table showing characteristics of the metal that can be used for lines 
in electronic equipment according to the related art. Among the metallic materials 
shown in FIG. 3, aluminum (Al) or chromium (Cr) is used for the metal lines in a 
conventional array substrate. However, although aluminum (Al) has a low electrical 
resistance and superior adhesive strength, aluminum is susceptible to damage from 
exposure to heat and acid. Therefore, it is proposed that copper (Cu), which has a low 
resistance and low cost, be utilized as the metal lines in the array substrate. 
[0010] When forming the gate line using copper (Cu), ammonium persulfate 
((NH 4 ) 2 S 2 0 8 ) is generally used as an etchant to etch the Cu layer to form the Cu gate 
line. However, forming the data line using copper (Cu) is problematic. First, when 
forming the data line using copper (Cu), the source and drain electrodes are also made 
of copper (Cu). However, a silicon component of a corresponding semiconductor layer 
reacts with the Cu component of the source and drain electrodes, thereby forming an 
intermediate layer between the Cu source and drain electrodes and the semiconductor 
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silicon layer. The intermediate layer lias a negative influence on the electrical 
characteristics of the corresponding thin film transistor (TFT). 
[0011] Second, if another metal such titanium (Ti) or molybdenum (Mo) is disposed 
between the Cu layer and the semiconductor layer to overcome the above-mentioned 
problem, the etchant must simultaneously etch the two metal layers (Cu-Ti or Cu-Mo). 
To etch the double-layered metal layers (Cu-Ti or Cu-Mo), it is widely known that 
hydrogen fluoride (HF) or oxygen-based etching solution is generally used as an 
etchant. However, the HF etchant etches not only the double-layered metal layers but 
also the glass substrate and the insulation layer that is made of silicon nitride (SiN x ) or 
silicon oxide (SiO x ). As a result, the HF etchant creates significant damage to the 
insulation layer, thereby compromising performance characteristics of the gate line and 
the gate electrode that are protected by the insulation layer. Accordingly, it is very 
difficult to form the data line, the source electrode, and the drain electrode from copper 
(Cu). 

SUMMARY OF THE INVENTION 
[0012] Accordingly, the present invention is directed to an etchant and an array 
substrate having copper lines etched by the etchant that substantially obviates one or 
more of the problems due to limitations and disadvantages of the related art. 
[0013] An object of the present invention is to provide an etchant which simultaneously 
etches a double-layered metal layer. 
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[0014] Another object of the present invention is to provide a method of forming an 
array substrate having copper lines and electrodes. 

[0015] Additional features and advantages of the invention will be set forth in the 
description which follows and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the 
invention will be realized and attained by the structure particularly pointed out in the 
written description and claims hereof as well as the appended drawings. 
[0016] To achieve these and other advantages and in accordance with the purpose of 
the present invention, as embodied and broadly described, the etchant and array 
substrate having copper lines etched by the etchant includes an etchant including 
hydrogen peroxide (H 2 0 2 ), and a mixed solution including at least one of an organic 
acid, an inorganic acid, and a neutral salt. 

[0017] In another aspect, a method of forming an array substrate for use in a thin film 
transistor liquid crystal display (TFT-LCD) device includes forming a first metal layer 
on a substrate, patterning the first metal layer to form a gate line and a gate electrode 
extended from the gate line, forming a gate insulation layer on the substrate to cover the 
patterned first metal layer, forming an active layer on the gate insulation layer and over 
the gate electrode, forming an ohmic contact layer on the active layer, forming a second 
metal layer on the gate insulation layer to cover the ohmic contact layer and the active 
layer, forming a third metal layer on the second metal layer, simultaneously patterning 
the second metal layer and the third metal layer to form a double-layered data line, a 
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double-layered source electrode and a double-layered drain electrode using an etchant 
that includes hydrogen peroxide (H 2 0 2 ), a H 2 0 2 stabilizer, and at least one of an organic 
acid, an inorganic acid and a neutral salt, and forming a pixel electrode contacting the 
double-layered drain electrode. 

[0018| It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate the present invention and together with the description serve to 
explain the principles of that invention. In the drawings: 

[0020] FIG. 1 is a schematic partial plan view illustrating an array substrate for use in a 
liquid crystal display device according to the related art; 

[0021] FIG. 2 is a cross-sectional view taken along II-II of FIG. 1 according to the 
related art; 

[0022| FIG. 3 is a table showing characteristics of the metal used for conductive lines 
in electronic equipment according to the related art; 
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[0023] FIG. 4 is a graph showing an exemplary relationship between etch times of 
copper layers and molar ratios of hydrogen peroxide (H 2 0 2 ) to sulfuric acid (H 2 S0 4 ) 
according to the present invention; 

[0024] FIG. 5 is a graph showing another exemplary relationship between etch rates 
and concentration of hydrogen peroxide (H 2 0 2 ) according to the present invention; and 
[0025] FIGs. 6A to 6C are cross-sectional views taken along VI- VI of FIG. 1 to 
illustrate an exemplary manufacturing process according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0026] Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. 
Wherever possible, the same reference numbers will be used throughout the drawings 
to refer to similar parts. 

[0027] In the present invention, data lines of an array substrate, and source and drain 
electrodes of a thin film transistor may be formed of a copper-molybdenum (Cu-Mo) 
double-layer, for example. Further, an etchant that will be explained hereinafter may 
etch the Cu-Mo double-layer according to the present invention. 
[0028] In the present invention, the etchant may be a mixed solution of hydrogen 
peroxide (H 2 0 2 ), a H 2 0 2 stabilizer, and one of an organic acid, an inorganic acid and an 
neutral salt, and may simultaneously etch the Cu-Mo double-layer. The reaction 
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mechanism of Mo and H 2 0 2 of the etchant is as follows: 

Mo+ 3H 2 0, = Mo0 3 + 3H 2 0 ... (1) 

[0029| As a result of equation (1), Mo0 3 may be produced. However, since Mo0 3 
easily dissolves in water (H 2 0), producing Mo0 3 may not be problematic. Therefore, 
etching the Mo layer may be performed. Alternatively, the Mo layer may be etched 
only using hydrogen peroxide (H 2 0 2 ). 

[0030] Meanwhile, a reaction mechanism of Cu and H 2 0 2 of the etchant may be 
presented by the following equation: 

Cu + H 2 0 2 = CuO + H 2 0 ...(2) 
[0031] In equation (2), although a copper compound CuO may be generated, the 
reaction product (i.e., oxidized copper (CuO)) may react with anions of the organic 
acid, the inorganic acid, or the neutral salt that are included in the etchant. Therefore, 
the copper compound CuO and H 2 0 may be formed by the etchant according to the 
present invention. Furthermore, the oxidized metal or metal ion may be produced. 
[0032] In order to etch the Cu layer, H 2 0 2 and one of the organic acid, the inorganic 
acid, and the neutral salt may be required. Accordingly, when etching the metal layers, 
the etchant needs the H 2 0 2 stabilizer to prevent self-decomposition of H 2 0 2 . 
[0033] In the present invention, a first etchant including the organic acid such as an 
acetic acid (CH 3 COOH), for example, H 2 0 2 , and the H 2 0 2 stabilizer reacts with copper 
(Cu) as follows: 

Cu + H 2 0 2 = CuO + H 2 0 CuO + 2CH 3 COOH - Cu(CH 3 COO) 2 + H 2 0 . . (3) 
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|0034] Furthermore, when the inorganic acid is included in the etchant according to the 
present invention, a second etchant may include H 2 0 2 , the H 2 0 2 stabilizer, and one of 
sulfuric acid (H 2 S0 4 ), nitric acid (HN0 3 ), hydrochloric acid (HC1), and phosphoric acid 
(H 3 P0 4 ). Therefore, the second etchant may react with copper (Cu) as follows. 
[0035] In a case when the second etchant may include sulfuric acid (H 2 S0 4 ): 

Cu + H 2 0 2 = CuO + H 2 0 -> CuO + H 2 S0 4 = CuS0 4 + H 2 0 . . .(4) 

|0036] In a case when the second etchant may include nitric acid (HN0 3 ): 

Cu + H 2 0 2 - CuO + H 2 0 -> CuO + 2HN0 3 = Cu(N0 3 ) 2 + H 2 0 . . .(5) 

[0037] In a case when the second etchant may include hydrochloric acid (HC1): 

Cu + H 2 0 2 - CuO + H 2 0 CuO + 2HC1 = CuCl 2 + H 2 0 . . .(6) 

[0038] In a case when the second etchant may include phosphoric acid (H 3 P0 4 ): 

Cu + H 2 0 2 = CuO + H 2 0 -> 3CuO + 2(H 3 P0 4 ) = Cu 3 (P0 4 ) 2 + 3H 2 0 . . .(7) 
[0039] Moreover, when the neutral salt is included in the etchant according to the 
present invention, a third etchant may include H 2 0 2 , the H 2 0 2 stabilizer, and one of 
potassium chloride (KC1), sodium chloride (NaCl), potassium hydrogen sulfate 
(KHS0 4 ), and potassium metaperiodate (KI0 4 ). Therefore, the third etchant having 
potassium hydrogen sulfate (KHS0 4 ), for example, reacts with copper (Cu) as 
represented by the following equation: 

Cu + H 2 0 2 = CuO + H 2 0 -» CuO + 2KHS0 4 - CuS0 4 + K 2 S0 4 + H 2 0 . . .(8) 
[0040] As previously described, the etchant according to the present invention may be 
classified into first, second and third etchants depending on their individual 
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components. Therefore, the etchant of the present invention may include at least one of 
the organic acid, the inorganic acid, and the neutral salt. Furthermore, when the 
etchant includes the inorganic acid, two or three of the inorganic acids may be mixed 
with the etchant. Two or three of the neutral salts may also be mixed into the etchant 
when the neutral salt is included in the etchant. 

[0041] FIG. 4 is a graph showing an exemplary relationship between an etch time of 
copper (Cu) layers and molar ratios of hydrogen peroxide (H 2 0 2 ) to sulfuric acid 
(H 2 S0 4 ) according to the present invention, and FIG. 5 is a graph showing another 
exemplary relationship between etch rates and concentration of hydrogen peroxide 
(HA). 

[0042] In FIG. 4, a Cu layer has a thickness of about 1,000 angstroms (A) and a sulfuric 
acid (H 2 S0 4 ) has a weight percent of about 5wt%. As shown in FIG. 4, as a molar 
quantity of hydrogen peroxide (H 2 0 2 ) increases, the etch time of the Cu layer increases. 
Specifically, as the molar amount of hydrogen peroxide (H 2 0 2 ) in the etchant increases, 
production of oxidized copper (CuO) is increased. Therefore, it takes a longer amount 
of time for oxidized copper (CuO) to react with the sulfate acid (H 2 S0 4 ). 
[0043] In FIG. 5, as a concentration of hydrogen peroxide (H 2 0 2 ) increases, the etch 
rate of molybdenum (Mo) increases. However, the etch rate of Mo appears continuous 
after a certain concentration amount of H 2 0 2 is attained. Accordingly, an etchant that 
simultaneously etches both the Cu layer and the Mo layer can be obtained when the 
amount of hydrogen peroxide (H 2 0 2 ) is controlled at a certain value. Additionally, 
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since molybdenum oxide (Mo0 3 ) dissolves in water (H 2 0), the etch rate does not vary 
although the organic acid, inorganic acid and neutral salt are added in the etchant. 
Moreover, the etchant and a method of using the etchant can be utilized in other 
electronic equipment having Cu layers. 

[0044] FIGs. 6 A to 6C are cross-sectional views taken along VI-VI of FIG. 1 to 
illustrate an exemplary manufacturing process according to the present invention. 
[0045] In FIG. 6A, a first metal layer may be deposited on a substrate 100, and 
subsequently patterned to form a plurality of gate lines (13 of FIG. 1) and a plurality of 
gate electrodes 132. The first metal layer may include aluminum (Al), aluminum alloy 
such as aluminum neodymium (AINd), chromium (Cr), tungsten (W), molybdenum 
(Mo) or copper (Cu), for example. The plurality of gate lines may be arranged in a 
transverse direction, and each gate electrode 1 32 extends from each gate line on the 
substrate 100. Thereafter, a gate insulation layer 124 may be formed on a surface of the 
substrate 100 to cover the patterned first metal layer. The gate insulation layer 124 may 
include an inorganic material, such as silicon oxide (SiO x ) or silicon nitride (SiN x ), for 
example, or an organic material, such as benzocyclobutene (BCB) or an acryl-base 
resin, for example. After forming the gate insulation layer 124 on the substrate 100 to 
cover the patterned first metal layer, an active layer 138a that may include a pure 
amorphous silicon (a-Si:H) and an ohmic contact layer 138b that may include a doped 
amorphous silicon (n + a-Si:H) may be sequentially formed upon the gate insulation 
layer 124, especially over the gate electrode 132. Thus, a semiconductor layer 138 
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includes the active layer 138a, and ohmic contact layer 138b. The active layer 138a 
may function as an active channel when the thin film transistor is enabled. The ohmic 
contact layer 138b may reduce a contact resistance between the active layer 138a and 
electrodes formed in a later step. 

[0046] In FIG. 6B, a second metal layer may be formed upon an entire surface of the 
gate insulation layer 124, thereby covering the active layer 1 38a and ohmic contact 
layer 138b. Then, a third metal layer may be sequentially formed on the second metal 
layer. The second metal layer may include molybdenum (Mo), for example, and the 
third metal layer may include copper (Cu) or copper alloy, for example. The second 
metal layer may prevent the third metal layer from chemically reacting with silicon 
components of the semiconductor layer 138. If the third metal layer reacts with the 
semiconductor layer 138, an intermediate layer will be produced between the third 
metal and the semiconductor layer, thereby deteriorating operational characteristics of 
the thin film transistor. 

[0047] Further in FIG. 6B, the second and third metal layers may be simultaneously 
patterned using the previously described etchant. Specifically, after synthesizing H 2 0 2 , 
the H : 0 2 stabilizer, and one of the organic acid, the inorganic acid and the neutral acid, 
the etchant simultaneously etches and patterns the double metal layer (Mo-Cu layer) to 
form a double-layered data line 1 15, a double-layered source electrode 134, and a 
double-layered drain electrode 130. The double-layered data line 115 may be arranged 
perpendicular to the gate line (13 of FIG. 1) to define a pixel region U P" (FIG. 1) with 
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the double-layered data line 115. The double- layered source electrode 134 may extend 
from the double-layered data line 115, and the double-layered drain electrode 136 may 
be spaced apart from the double-layered source electrode 1 34. The double-layered 
source electrode 134 and the double-layered drain electrode 136 may overlap opposite 
end portions of the gate electrode 132, respectively. Furthermore, a portion of the 
ohmic contact layer 138b disposed upon the active layer 138a may be etched using the 
source electrode 134 and drain electrode 136 as masks, thereby forming a channel 
region in the active layer 138b between the source electrode 134 and the drain electrode 
136. 

[0048] In FIG. 6C, a passivation layer 139 may be formed on the TFT "T" and on the 
gate insulation layer 124. The passivation layer 139 may include an inorganic material, 
such as silicon oxide (SiO x ) or silicon nitride (SiN x ), for example, or an organic 
material, such as benzocyclobutene (BCB) or an acryl-base resin, for example. 
Thereafter, the passivation layer 139 may be patterned to form a drain contact hole 140 
to expose a portion of the double-layered drain electrode 136. Next, a transparent 
conductive material may be deposited on the patterned passivation layer 139. The 
transparent conductive material may include indium tin oxide (ITO) or indium zinc 
oxide (IZO), for example. Thereafter, the transparent conductive material may be 
patterned to form a pixel electrode 142 in the pixel region "P." A portion of the pixel 
electrode 142 may overlap a portion of the drain electrode 136 and electrically contact 
the drain electrode 136 through the drain contact hole 140. Although the method 
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described only uses the Mo-Cu layer as a data line, a source electrode and a drain 
electrode, the Mo-Cu layer can be utilized in the gate line and gate electrode. 
[0049] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the etchant and array substrate having copper lines etched by 
the etchant without departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention cover the modifications and variations of this 
invention provided they come within the scope of the appended claims and their 
equivalents. 
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